SUMMARY Rapid, sensitive radioimmunoassays have been developed for the conjugated primary bile salts, cholate and chenodeoxycholate, using immunogens prepared by the mixed anhydride procedure. Antibodies produced showed equal specificity for glycine and taurine conjugates. Crossreactivities were comparable with those from other published radioimmunoassays. The assays were routinely performed on unextracted sera and the concentrations correlated well with concentrations determined by gas-liquid chromatography.
Elevation of serum bile salt concentration in hepatobiliary disease (Sherlock and Walshe, 1948) has been shown to be a sensitive test for liver disease (Korman et al., 1974) . Sensitive assays for individual serum bile salt conjugates may provide further useful diagnostic information , but until recently only gas liquid chromatography (GLC) was capable of assaying individual bile salts in serum (van Berge Henegouwen et al., 1974; Ross et al., 1977) . This methodology is technically complex and time-consuming, and consequently there is the need for a rapid assay procedure that demonstrates sensitivity, precision, and accuracy similar to gas liquid chromatography. Radioimmunoassay provides such a potential, and several methods have now been reported for bile salt conjugates (Simmonds et al., 1973; Murphy et al., 1974) .
We report here the development and validation of radioimmunoassay for the conjugated primary bile salts, cholate and chenodeoxycholate, and the concentrations found in patients with hepatitis, biliary obstruction, cirrhosis, and infectious mononucleosis. (Erlanger et al., 1957) . Glycocholic acid (0-22 mmol) was dissolved in the minimum volume of 1,4-dioxan by gentle heating, transferred to a cold room, and cooled to 80C, ensuring that crystallisation did not occur. Radioactive glycoC3H]cholic acid (04 IuCi) was added, followed by 0-22 mmol tri-n-butylamine and 0-22 mmol isobutyl chloroformate. The mixture was stirred and left for 20 minutes at 4-C.
Bovine serum albumin (4 ,tmol), dissolved in 8 ml distilled water, was mixed with 0 5 ml 0 5 M sodium hydroxide and then 8 ml of 1,4-dioxan. After equilibration at 4°C the bile acid mixture was added dropwise to the albumin solution which was stirred continuously. During this addition the pH was maintained in the range 8-7-9-2. After addition of bile acid the reaction was allowed to proceed at 4°C for 1 hour when the pH was again checked and adjusted as necessary. The mixture was then left for a further 2 hours with constant stirring.
An aliquot of the reaction mixture (1%) was removed to determine total radioactivity, and the remainder was dialysed overnight against 001 M phosphate buffer, pH 7A4, using an Amicon micro ultrafiltration cell 8MC. Previous studies had shown that 98 % of unbound bile acid could be removed by overnight dialysis.
The radioactive content of an aliquot of the dialysed fraction (5 %) was determined with the 1 % aliquot of the reaction mixture and the binding was calculated.
Glycochenodeoxycholate-protein conjugates were prepared similarly.
IMMUNISATION
Immunogens were diluted to protein concentrations of 1 mg/ml and emulsified with an equal volume of Freund's complete adjuvant by an interlocking syringe technique until a stiff water in oil emulsion had been obtained (Berlin and McKinney, 1958) .
These emulsions were injected into 10 intradermal sites (0 2 ml/site) along both flanks on each rabbit, and blood was taken at 6, 9, and 12 weeks after immunisation and 10 days after each booster injection. Intramuscular booster injections (1 ml into each thigh) were given when the antibody titre remained unchanged or fell.
COLLECTION OF SAMPLES FOR ANALYSIS
Specimens of venous blood (10 ml) were obtained at 0900 hours after a 12-hour fast. Blood was allowed to clot at room temperature, and the serum was separated by centrifugation and immediately deep frozen until assayed.
RADIOIMMUNOASSAY PROCEDURE
Antiserum was diluted with albumin buffer such that the final dilution used in the radioimmunoassay gave 55% antibody bound. Normal sera were diluted 1:10 with 0 01 M phosphate buffer (pH 7 4). Sera from patients with liver disease were initially diluted 1:50, and this dilution was altered if necessary to bring the concentration within the range of the standard curve.
Standard or serum (0-1 ml), glyco[3H]cholic acid tracer (0 3 ml), and antiserum (0 2 ml) were added to a 3 ml test-tube, mixed, and incubated at room temperature for 1 hour. Saturated ammonium sulphate (0-6 ml) was added to the tubes, thoroughly mixed, and equilibrated to 4°C for 45 minutes before centrifugation at 4°C for 30 minutes at 1500 g. An aliquot of supernatant (0 5 ml) was mixed with 8 ml NE260 liquid scintillator, and the radioactivity was determined. Quenching was constant, and therefore counts per minute were not converted to disintegrations per minute.
The procedure for radioimmunoassay of chenodeoxycholate conjugates was identical with the above, with the substitution of the appropriate tracer and antiserum.
Some sera were assayed after extraction by the same method as that reported by Ross et al. (1977) , although the volume of serum used was 0-1 ml and the volume of ethanol was reduced proportionately.
Results

ANTISERA SPECIFICITY
The cross-reactivities of antisera to other bile salts, determined by the method of Abraham (1969) , are shown in Table 1 .
Cholate standards in the range 5-100 pmol and chenodeoxycholate standards in the range 2-50 pmol were converted into logit form to obtain linear relationships (Fig. 1) . The results ( tained by a gas liquid chromatographic method (Fig. 2) . The samples were obtained from control subjects and patients with mild liver disorders diagnosed as described by . Ten assays of the same sample were performed in a similar manner, and the mean, standard deviation, and coefficient of variation were calculated. Replicate analyses gave a mean serum cholate concentration of 0-96 ± 0 11 ,umol/l (coefficient of variation 11-8 %), while the mean serum chenodeoxycholate concentration was 1-80 ± 0-15 ,umol/l (coefficient of variation 8-6 %). Precision and accuracy determined on samples containing high levels of bile salts indicated similar coefficients of variation to those determined on normal sera.
SERUM CONCENTRATIONS
Values obtained from the fasting serum samples of 10 normal healthy volunteers, aged 25-45 years with no gastrointestinal complaints, gave a mean cholate concentration of 0-96 ,tmol/l and a mean chenodeoxycholate concentration of 1-26 zmol/l. Compared with normal subjects patients with cirrhosis showed a mean cholate concentration of 15-2 ,umol/l, and for chenodeoxycholate the concentration was 29-0 ,umol/l. These levels were exceeded in patients with obstruction, where the mean concentrations were 56-7 ,umol/l and 38-1 ,tmol/l, respectively, and in patients with hepatitis with mean concentrations of 50-7 and 42-4 ,umol/l, respectively. Patients with infectious mononucleosis showed only slightly elevated levels, the mean cholate concentration being 4-0 ,tmol/l and the mean chenodeoxycholate concentration 8-59 ,umol/l. These mean concentrations, together with the range of levels, are reported in Table 3 . Standard deviations are not reported as the distribution of concentrations is skewed. Hepner, 1976) and 'mixed anhydrid (Murphy et al., 1974; Matern et al., preparation of bile salt immunogen, perience, the carbodiimide procedui sistently poorer conjugation than mixer would precipitate below pH 4 7-4-3. While low molar itre) ratios for bile salt bound to albumin do not necessarily preclude the production of antisera, in our experience, conjugates with bile salt:albumin ratios of less than 10:1 did not produce an antiserum which could be used for radioimmunoassay.
Antisera showed equal affinity for glycine and .
/ taurine conjugates but the affinity for unconjugated / bile salts was < 12 % of that for conjugates (Table 1 ).
* ; * * Bile salts in peripheral blood are predominantly conjugated as indicated by the correlation of gas chromatography results (total levels) with radioimmunoassay results (conjugates) (Fig. 2) . Total bile salts will be measured low by radioimmunoassay if high levels of unconjugated bile salts are present in serum, and these must therefore be taken into account in clinical situations where they are known to be found (Makino et al., 1969) . Although most antisera recently produced for bile salt radioimmunoassay have shown equal affinity for glycine and taurine conjugates, antisera specific to glycine conjugates have been reported (Demers and Hepner, 1976) , while Mihas et al. (1977) (Table 1) . rionship Murphy et al. (1974) and Matern et al. (1976) ues (RIA) and reported that serum must be extracted before = 20;
analysis, but the present study showed no difference between the assay of extracted and unextracted serum, and consequently serum was assayed le' procedures unextracted (Table 2) . 1976) for the The coefficient of variation after analysis of s. In our ex-replicate samples and correlation of data by this re gave con-method and gas liquid chromatography show that d anhydride, a radioimmunoassay is reliable, while analysis of charcoal-extracted serum containing added bile salt indicates acceptable accuracy. As detection limits are also lower than those reported for GLC analysis, this suggests that radioimmunoassay is suitable for routine serum bile salt analysis.
Chenodeoxycholate concentrations in normal sera are similar to those reported by GLC (van Berge Henegouwen et al., 1974; Laatikainen and Hesso, 1975; Ross et al., 1977) but are lower than those reported by Schalm et al. (1977) using a similar radioimmunoassay procedure. However, these authors expressed concern at over-estimation by their procedure when compared with a GLC procedure. Cholate concentrations in normal sera also showed good agreement with reported concentrations determined by GLC (Makino et al., 1969; Laatikainen and Hesso, 1975; Ross et al., 1977) but were lower than the range reported by van Berge Henegouwen et al. (1974) . The radioimmunoassays of Simmonds et al. (1973) and Matern et al. (1976) gave similar ranges for normal subjects.
Primary serum bile 'salt concentrations were elevated in all four groups studied compared with the normal range. In each group, excepting those patients with obstruction, a few patients had concentrations of one bile salt which was within the normal range, but in each case the other primary bile salt concentration was elevated.
Radioimmunoassay, therefore, provides a rapid method for the study of primary serum bile acids in normal subjects and patients with liver disease.
